According to the analyzing of the vibrations in steel strips and its effect on flatness measurement based on the non-contact strip-flatness detection method, a vibration removing method is presented. The method firstly adopts 
Introduction
Flatness is one of the most important features of rolled products [1] .But vibration will seriously affect the flatness detection result, especially in vision detection method [4] .Therefor, it is significant to reduce the influence of vibration signal during strip-flatness detection.
The current flatness detection method can be divided into two types. One of detection methods based on hardware technology, such as Rometer [5] multi-point detection method, Xu Hongzhe et al [3] based on the image processing of the double Line detection method and Shapeline [5] of the two-line detection method. All these methods used the principle of the distance invariance of two corresponding points to eliminate the effect of vibration, but it is poor in strip Non-vertical vibration types such as rotational vibration.
The digital low-pass filter from software technology eliminates high-frequency interference in the flatness detection signal, but still contains noise information in the low-band flatness detection signal since the effect of random noise is not taken into account. For the lack of digital low-pass filter, Rubén Usamentiaga [4] and others proposed the combination of the Butterworth IIR low-pass filter and
RanSanc model estimation method. Although the Butterworth IIR low-pass filter eliminates the high frequency interference in flatness measurement of the strip, the stability of the filter is poor due to the inability to control the phase characteristics of the filter; and the RanSanc model estimation method is effective in processing the flatness measurement data Only in the inliers [6] more than 30% of the case can be applied, otherwise it will affect the flatness detection robustness [4] . Therefore, in order to overcome the shortcomings of the above methods, a two-step strip vibration suppression method is proposed, which first uses the Dolph-Chebyshev Window [2] FIR to the flatness detection methods` real-time performance, flatness detection can be divided into online detection and off-line detection of two categories.
Traditional flatness on-line detection technology using contact detection method such as ABB developed Stressmeter ® [5] , split roller tension detection technology [5] and so on, due to maintenance difficulties and easy to wear on the steel surface and gradually eliminated; other online
Detection methods such as capacitor-based capacitive displacement sensing detection technology [4] because of its high installation costs have been rarely used in the factory practice. Currently, the most mainstream flatness detection method is based on the laser triangulation principle of non-contact on-line detection method which uses three-dimensional reconstruction technology [7, 8] , the measurement principle is simple, low cost, easy to maintain, is widely used in steel industry. 2, 3, 4, 5) and the longitudinal fiber strip elongation εj [9] at the measuring point j are obtained by integration. 
Where L I 10 2
Where L j is the peak-to-peak distance at point j, and the distance from the peak to the trough is H j .
Effect of vibration on flatness measurement
In the vibration-free condition, when the length of the longitudinal fiber strip on both sides of the strip is greater than the reference value L ref , edge-waves will appear. when the length of the longitudinal fiber strip in the middle of the strip is greater than the reference value, central wave will appear, and the "single edge wave" will be produced when only one side of the strip's length is greater than the reference value. The Figure 2 shows the three-dimensional 
The time domain sequence h d (n) is truncated by the Chebyshev window function:
Where h(n) is the time domain sequence after truncation, w(n) is the Chebyshev window function. 
Compensation Algorithm
Due to the influence of ambient noise and the vibration of the steel plate, the noise information is still included in the straightness measurement signal filtered by the dolph-chebyshev FIR low-pass filter. Rubén Usamentiaga [4] proposed the use of RanSanc model estimation to compensate for the shortcomings of low-pass filter. The
RanSanc model estimates the algorithm based on the set of samples containing the anomaly data to calculate the mathematical model parameters of the data to obtain a valid sample [6] , which is used to ensure that the correct data for the measurement exceeds 30% [4] and therefore the stability is poor. This paper propose a sub-cubic spline interpolation algorithm to compensate for the shortcoming of the filter.
First of the algorithm is to find the approximate vibration balance position at a certain point by means of point-by-point scanning at the point height and then, interpolation. The algorithm is simple, stable and can effectively eliminate the low-band noise information.
Let (x i , y i ) represents the coordinates of the filtered extreme points, and the coordinates of the equilibrium point P j (m j , n j ) (j = 1,2, ..., n-1) T represents the height threshold (only when the height value exceeds the set value), median means the median value.
when y i > T, Figure 6 shows the platform which was used to measure the vertical height of point 1. The sampling frequency of 5000Hz, and collect 5000 sampling data points. Figure 7 and Figure 8 , respectively, is the time-domain waveforms and spectrum analysis of point 1 [10] . Table 1 below. It can be seen from the table that the relative error between the interpolation filter processing data and the flatness detection result obtained by off-line calibration is not more than 6%. It is proved that this method can effectively filter the influence of strip vibration on flatness detection.
Experiment of vibration filter

Conclusion
In this paper, by analyzing the effect of strip vibration 
